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Tharmsf Baixidr Coating System 



Technical Field 

The present invention relatos to plasma spr^ed 3 
caramic ^armal barriar coatings uded to protect 
si^r^afes from elevated temperatures. 

Baoi(ground Art 

Qas turbine eng^ea denVe their thrust or other W 
power output hy the eombustfon of ttielsw Sines 
on0lno pov^r and econonny hoth Improve with 
Incraased tamperature, there had been e peratetent 
trand in the gas turbine ^gine ffeld toward in- 
creased engine opereUng temperstuiee. For many iS 
years this trend was accommodated tyythft dfivaloi>' 
ment of Improved materials. Whereee earty gas 
turtslne engines were baaed mainly on alloys derfved 
from common eteete, the modem gae turbine engb» 
rsffas on rdokel and cobalt baaa superaOoys m maty ^ 

api^caiions. It appeere for the moment that 
proper^ Hmfts for metallic materiafs are being 
approached or pertiaps have baoi reached, but the 
demand for increased temperature capability con- 
tinues. While work ^ undenMay fo develop ceramic ss 
turbine matertals^ this work is at a very prellntfnary 
Stage and niany dliffiicUlties must he cverconie 
before ceramics p)sy a structural role \n gae turbine 
anginas. 

Not surprisingly, ettonpts haR« been made to use jo 
ceramics aa costing matariare to pmvida thermal 
InsulaGon to metaOiO substrates and thereby permit 
Increased engine operating, temperature Mothout 
aubstrete damage. Such attempts have met with a 
certain degree of success as ' described, non^ 35 
etheiesB, the durabO^ of cereimle themw) benfer 
coatings remains a. oonoem because such , coatings 
are. u^ In man rated, applications and aafiety 
cohslderatlons require maximum, durat^iy. The 
basfcapproacb which has generally been taken is to 40 
apply an CMldafion reelstant metatBc bond coat to Aie 
substrate and than to apply to this bond coat a ■ 
ceramK; ooeling, or in eome caeee, a mixed metel 
ceramic coaifrig. Several patents have suggested 
the USB of MOAIY matariab for the bond coat. 4S 
MCrASf materia were developed for the protectivB 
ccaQng of metalffc componeritetD protect them Cram 
oxidaflon and corroefon under high temperahire 
condltfonar 9uoh MCtAiY coatings-are described, for 
example, tn U3. Patents d^«085. a92B.Q26 anoj SO 

The cun«ntly iiaMored ceramic constituent is 
zlroonla. but because zireohia undergoes a phase 
trarisfannaltbn at about ISOO^P, it is necassaiy to 
make additSons to the zircohia to provide a stable or & 
ai' least controBed mlcSrostmcture at increasing 
tampeiatuFe* • 

Patents wttlbh appear partioulariy pertinent to thle 
sidiject area ^dudie OS. Pstent 4,055.705 which 
suggests a thermal banler coating system uang a m> 
NICrATV bond coax and a zs^conla based cerafflSo 
coaldig wldch niay contain, for exifflnpfe. 1 2flib yttila 
forstat^zatR3ft UjSl Patent 4;24SJ940. which shares 



a common assignee wiih the present application, 
describes a similar thermal banldr coaling, but with 
empha^ on the type of thermal barrier coating In 
which the composition of the coa^g gradod from 
lOOtW) metal at IftB bond coat to ^Q0^ ceramic at the 
outer surface. This patent descr1t>es the use of 
MCrAiy band coats. Including NiCoQfAIY. and 
mentions the use of yttria stabilized ^conia. 
Patent 4^,285 describes a ceramic thermal barrier 
ooattng using a CoCrAlY or NlCrAIY bond coat with 
ceria stabilized ziroonia. US. Patent 4^.190 
dBScr9>es a Ifiermal barriar costing In uMch a 
MiCnAfy or CoCrAnr bond coat has a sputtered 
coating of yttria stabiazed ztrconia on which is 
p.^asma sprayed a further coating of yttria atabilteed 
2ir:jonla. US. Patent 4/}Q2,998 describes a method 
for applying a oeiamic ttiermal barriar coating to 
holtow turbme hardware containing cooTmg hoies 
without blockage of Hie holas. The epecmo^ of tha 
ooadng mentioned are a NiCrAiY or a CoCrAly bond 
coat with 'yttriia stabffized zirconia. US. Patent 
4i457i4d describes a method for producing a 
favorable crack pattern In a ceramic termal b^ler 
coatmg to enhance its duraWity. The ccadng 
mentioned has a NiCrAlY bond coat and a fuQy^tria 
stebUzed zrooraa coating* U^, Patent 4g4d1,151 
describes another ceramic themnal barrier coating In 
which the bond coat comprisee ^3ICrAIYor CqCtAIY, 
but wherein the yttrium consStusnt may be rqalaoed 
by ytterbium. The ceramic constituent is partfaRy 
yttla or yttsrit>ium stabilieed zlreonla. U^. Patent 
4«635^ 1^ a comihuattorvln-part application of the 
previously menticrted Patent 4|481,151 and 
deals with a ceramic thermal barrier coating In whlbh 
zirconia is stabilized by ytterbia 

Disclosune of Invention 

it is an object of this Inventidn to dbdcse a 
ceramic thennal barrier coating having surprisingly 
enhanced durabOfty retaiSve to ^tmear ceramic 
thermal barrier coatings known in the art According 
to the Invontfon, a NiCoCMUY bond coat is plasma 
spr^ed, in on the surfeice of the substrate to be 
protected, after the sutistrate aurfiace has been 
^operiy prepared. Tl^ ceramic consists of yttrfa 
partiall^ stsbfll^ zirconia^ containing dbout 7°Jo 
ytiria to providB the proper degree of stablfiEaiion, 
plasma apnved in air on the prevkxiely applied 
NfCoCrAlY bond ooat. The resultant oooUhg has 
surprisingly enhanced durability relata^ to s&nllar 
thennal banler coatings which employ offier types of 
MCrAlY bond coats and ceramic top coats. The use 
of 74b ytfriast&l^Iizedzrrcoruapenmits the coating to 
be used at elevated temperatiffes compared to 
other themial barrier coafings which have en^loyed 
other zircmla stabi&era or other amounts of ytbfa. 
The use of air f^aanaa spraying as <9posed to low 
pressure chamfciar pbsma spraying ellrainates. sub- 
strate preheating and post spray heat treatment The 
bwentlon Is particU^V pertlnem to coatTng of shest 
metal parts whteh are prone to distortion In heat 
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The foregoing and othar objdcte, features and 
advantages of ifts preaent invention wiD bfiooma 
more apparent from tha foflowing descrlptfon of tfia 
preferred embodiments and accompanying drawn 
Ings. 

Brief Desor^tion of Orowfngs 

Rgure 1 fa a bar chart deplcflng the hours to 
feilure in cydte tastfng at 2025'F of various 
combinations of m^taflio bond eoatd and ce- 
ramic outar Goathga applied to sheet metal 
samplsa* 

Rgure 2 rs a sohamattc drawing of a ga$ 
turbine oombostion chamber. 

Bast Mode for Canying Out the Invention 

Tlie benefits of the invention are clearly illustTated 
inPrgure 1. Figure 1 depicts the r^atlve life of several 
diffBrant ceramic thermal barner coatings In a very 
severe tost perfomted at 2025* F. TTie test com* 
. priced a sbc-minute tharmal cycle in which the 
coated substrate (a shest metaJ sample) was heated 
f^m about 200*F to about 2025"F In two minutes, 
h^d for two minutes at 2025'^F and was then forced 
ab- cooled h two minutes bade down to about 200*^ F. 
This Id a aevsre test employlrig conditions which are 
rnore demariding ^an those which would r^onnal^ 
be encountered m a gas turbine ei^Ihe. The figure 
Dlustrates the tiraa to failure In hours, the number of 
cycles Is obtained by multiplying the number of 
hours by 10. 

TTie left-moat bar (A) on the chart Is a coating 
which has been used commerdaUy tn gas turbine 
angtftes at ten^seraturee up to about ISOO^F. Thl^ 
coating conalstB of zirconia (fidly) stabfftzed with 
aboi^ 21% magnesia appEed on a CoCrAlY lS3PfyCu 
13<M)AI. jmbV bal Co) bond coaL The Jeft-most 
coating Is a graded coating ao thaft firm CoCrAlY 
compoeitlon tMnshes through the thid<ness of the 
coating from 1004b at the bond coat to 0<Vb at the 
outer coat at the outer surface. The remaining 
coat^ on the chart are non-graded two-J^ 
ooatvigs. The graded coating {Ah wtilch displays the 
ahortast f?fap bailed In the graded portibn of the 
coating as a consequence of oxtdatHon of the finely 
dMded metallic constituent vMdh oauaee swelling of 
the coating end subsequent spallation. Thla coating 
fatis in an abnonnaJly short time because of the 
nature of the coa&ig ^ura and the severe test 
condhfons, the coating has a normal maxanum tise 
tempai^^ure of about ISOO^'F. 

The remaining coatmgs on the chart fail by apaUing 
and cracking occurring within the ceramic consti- 
tuant Sanation at the inteitece between the 
csfBinic and the bond coat is not a pr^lem. This 
analysis of the failure mode In this Qfpe of cenaffifc 
coa^ would lead one to suppose that the bond 
coat matBftal would not play a signi&cBnt role In 
coating performance, but rather ifie coating perfor- 
mance would essentially be deterrnined by the 
nature of the ^ramlo material. As wm t» saan 
aubsequently, this b surpri^ng^ not the same. 

The next bar (B) on the ctmrtcomprtes the same 
ceramic constittitant, ^irconta siabilteed with 21tVb 
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magnssia, but this is a two^ayer coating in %**uch a 
lOOQib ceramic layer is applied to a bond coat In this 
instance, ttie bond coat fs a simple alby of niokei-22 
weight percent aluminum, 
5 The third bar (C3) on the chart uses the same 21<Vb 
magnesia siabilked zirconium on a NICoCrAIY bond 
coat (nominal comp^ttton 23VoC^o, 17W>r, 12.5%iAI. 
O-A&m bal r^. This eoatfrjg fiad both the bond coat 
and the coramlc layer deposited by plasma epnaying 
10 In air. Intsrestfngiy enoufih. thB third coating on the 
chart displays abou a2x improvenient in life over the 
previously mentioned 214b I4g0 etabDbed 2inooniB 
coating on tit-iSfWd coating Hiuatrafftig that the 
bond coat does affect coatlkxi perfbmiance, AB of 
fS tfie Goafinge based on 2iqit magneaia gtabllteRd 
adtcor^ appear to fan ae a resist of destatHllzatlbn bf 
the ceramic over time by v^^a^ffizatlon of ti)B bss 
stable magnesia material at elevBted famperenunas 
and/or the effe^ of mksroeooplo thermat mecharv 
ao Icaletreaees/rBohetingwfthiheultfmatefbnmtkynof 
the monecflhlc' ctystalfine phase of drconia at 
tempeiBbjTBs In excess of about 1900*F, The 
monoelMc crystal phase is the non^hemtBi cycfafole 
ziroorile that fca unsfabfa In gee turbine applications. 
2? The last two ooalingadBecHbdd hi tha figure uaed 
zIrcohEa partially stabilized vMi about m yttria, this 
type of ^tabRted droonia does not undefgo themui 
degradation unto temperalurte In access cf about 
220(y'F are encountered. 
30 Thefduithbar(0)onthechartU8eetne7%yitrla 
panlaDy stabiTBed zNonIa on a NiOoCrAlY (23C!ibOo, 
17(VbCr, 1*2.644141, OMWf bal Kl) bond coat, but 
dlfVena fifom the c^har coatings in that the metBllic 
oonatihjents were applied by low-pressure plasma 
35 sprayti^, sprs^ tn a chamber in which the gas 
preseure was reduced to about 6' mnilmetera of 
mercwy before spraying. Thl^ ^jipe of low presstro 
plaema spraying has been shown In tfte past to 
provide substanitai^ enrharmed thermal barrier coat- 
tngs coniainingr lees oxides and poroSTiy in the 
metallic bond coaUng dnd havtag better integrtfy and 
adherence. One feature of chamber i^r^ngi Is that 
the aubstiate mu$! ba preheated to 16(Kf F-ISOCF 
before ispraying- This is pimctlcal for 3"-€* turbine 
4S ttodeB but Impractical f^ oomplax sheet Metal 
oombustora whose dimensions are on the onter of 
1-3 feet and wfnch are coirplex warpage prone 
aseembliee of thin [JOBO-MO In) sheet metal pleceai 
Figure 2 is a aoherftatto Biustrotlon of a gas turtilne 
so combustor. Also, plasma sptaying metallic bond 
coating, such as NiCoCrAfV. under reduced atmo^ 
pherfc pressures leads to the ticmiatlcn of aMrnak 
tnetaflio substralB-matalOc bond coating I n tettece 
which raqurfes a post h^ temparatuna heact treai- 
55 ment to form a matallurglcal bond between the 
subsbate and bCERtf 'coat. The heat treatment means 
that sheet metd constituents which are prone to 
warpa^ cannot raceiva this type of coating. T1» 
necessity of appiylhg this type of coatfaig in a 
60 vacuum chamber thus mitisgatee against uaeg^ of 
this ooatSng on larger efteetmstBi con^nenta. such 
.as comtMstors vfi\k^ are tnconv^entjy large for 
raadQy avalteble tow pressi^e pEa^na ^pts^ing 
systems. Thte typo of coaling, applied in a tow 
es pressure plasma spn^ syatam with subsequent 
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secondary heat traatnient, has basn us^ GWTunor- 
dall/ with sonm success, but has been limited m 
application to use on small turbine blades, and vanes 
having stibatantlal structural strength. By-way of 
contrast^ In air plasma spraying, the substrate Is held 
at temperatures btiow SOO^f and no post spmy heat 
trealmant is neceeeary. Prior art spray expsrlance 
had suggested that the nasulis' would be notioeably 
irTferior to tow pressure chamber sprayed parts. 
Chamber sprayad bond coats cmitatn less than JSf^ 
oMe content and about porosity. Air 

sprayed coatings contain' S^fb-d^ ooddes and 
5Ct/{Ki5Qfb poro^* 

The final bar (E] an the chart itIustratdS the 
Invention coating performance. It can be seen that 
tha invention ooalir^g performance is lully equivalent 
to that of the best prior coating desptta the fact that 
the Invardion coating is appSed in air and does not 
receive any subsequent heat treatrnent 

The present bwemlon derlto some of Its bsnaff- 
cl^ attributes ftm the use of the NICoQrAiy bond 
cohL This eppears -to be the case despite the fact 
that failure occurs in the ceranuc coating rether than 
at the interfaoe between the bond coat and the 
ceramfc coating. The exact meohanism by which the 
use of a NICoCrAiy bond coat benetts oo&dng 
performance Is not fully understood, but Is ui>- 
doutrtedly related to the enhanced ductimy of 
NtCoCrAlY coat&^s (as described In U.S. Patent 
S^fi2S^ r^attvB to the NlCrAlY and CoCrAlY bond 
coats which the art has generally favored up until 
now. It Is also the case that the oerartf o consmuant 
of the present Imvienfion. namely* zirconia stablllaed 
6R/b to ytlrte, is more durable than some of 
Uie zirconia coatings whteh the prior art has used 
which have been stabilized to difterent degrees by 
different additions, this can be ^an on the graph by 
the oompariaon between the rnagn^la stabiTized 
zffcoife and yttrfa stabflized zirconia, bo^ of which 
were appSed -on a NICoCrAlY bond coat Other 
testing indicates that, tested al 2000»F, 7% yttrfa 
stabilized ^rconia Is about twice as durable as 12(Vb 
yniia stabil^ 2Irconla and about 5x as durable as 
20<%ib yt&ria (futbO slabmzed z^rconiau 

The ppaaant ihvention can ba applied to superalloy 
substrates as follows. Thera fs generally no Omit on 
the substrate composr^'on provided, of course, it 
has the retjulslte me^wtical pre>pertfes at the 
intended use temperature. The siJbstrate surface 
must be dean and properly prepared and th^ is 
most easOy aocompSshed tsy grit blasting the 
surface to remove aH oxide and other contsmlnants 
end to leave behind a eB&htly roughened surface of 
increased surface area to enhance bonding of the 
metaJfic bond coat tothe ^ibsfrafe.The bond coat is 
a{^Ued to the substrata by plasma sprang. The 
plasma spr^y parameters are the same as those 
daso^ed below tor ttie ceramic constituent The 
bond ooat material is NipoCrAIY havfr^ a eompesi- 
tJon faffing Within itie following range f5-40WbCo, 
io-«»tCr. W5<%iAi. a/iMfii, o-iO%Hf. 
GUOI'lO^Y. bal essentially Nl and has a particle stee 
which Is [TOfenably within tha rar^e -170+325 US 
etdr sieve. Ite bond coat preferably has a ttuckness 
Gf fromOjOO»^5 Inches. Ihera is no benefit to ba 



obtained by any increase In bond coat thickness. 
Any bond coat thidcness Isss than about 0003 Inch 
is risky because plasma sprayed coatings of thick- 
nesses much less than about 0.003 inch tend to 

5 leave exposed substrate araas and the ceramic 
coating w« not properly bond to the exposed 
8id>strete. This leads to early catasrophic coating 
Mure l^spallation. The plasma spraying of the bond 
coat to the prepared substrate si.Blace is preferably 

ID performed InatimslyfiasMon and preferab^ no more 
than about two hours elapses to minimize the 
pOSStblll^ of si^slrace surface contarnination, for 
example, tjy oxidation* 
The bond ooat coated substrates ara then 

16 adapted to raceh/e a coating of zirconia stabilized 
virtth 6%-8% yttrta. Pratenably the particle size to bs 
sprayed to 60 mlcnin (avg). the power flow rats is 50 
gm/mln and the plasma spraying condrtiona are 36 
volts and 800 amps using a mbc of argon helium as a 

23 carrier gas In a Plasmadyna gun held about 3 inches 
from the surface end translated ^out 74 ft/min 
ralaltve to the surfooe. Again, the api^cafl on of t he 
caramlo coa^ng to the bond coated si^strate is 
preferably pserfbrmed withia about two hours so as 

^ to minimize contamination and other problams. 

Although this bwenlion has bean shown and 
described With respect to a preferred embodiment, it 
wiU be understood by thoso sidled !n the art that 
various ehangea in form and detail tharaof may ba 

$0 made wthout depot'ng Irom the spirit and seopa of 
the cbbned InvenSon. * 



SS CSmtaa 

1. A method of applying a duraWa thamial 
banter coating to a melalBc substrais InchJdtng 
thestepsof ^ 

40 a} prodding a dean substrate surtaoe 

fa) deposit a nnstallic bond coat 
navbig a composltlbn consisting of 
15-4G(VbOo, KMOtybCr. 6-1fi4taAl> 0^<^Hf, 
0.-7GMi3l. om-iJOWf bal sssenttaHy Ni by 

4$ plasma deposttlon in air to athiokness of 

OJD05-0.015rn. 

c) depositing a caramlo ooaiHng of 
zfrconla stabflizad with M wfM yttria 
plasina depootion In sir to a thlcknass of 

so aoio4)Di5ia 

2. A sheet metal gas turbine oombustor. said 
oombustor having a thermal banter coafing on 
^ least a portion thereof » comprtemg 

a) a large complex shest malal assembly having 
Sff . at least one overedl dimension whnsh exceeds 

onsfooti 

b) a plasma sprayed NlCoCrAfY bond coat on at 
teastaportian of said sheet metal assemtilyi 

c) an adherent pbsmaspr^ed zircorua ooatfng 
$a which contains Sftb-SiVb yttr^ 

wherelh said structure is essentlaily uncfistorted 
as a conseq^enoa of having been piasn^ 
spr^ed in air withoul ralalBd pre or post heat 
treatmentSa 
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